























  U = ∑λ (aλc’ aλc”)/(E λ – E – iΓλ/2), c’ ≠ c”, even for overlapping states.  The amplitudes, aλc’s are given by   aλc = γλc√(2Pc), where Pc is the penetration factor, and the width is    Γλc = aλc2. The width that occurs in the denominator is 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fλ(E) = Eλ – E – iΓλe/2, and the sums are over all states λ of the same spin and parity.  The width of the eliminated channels is   Γλe = ∑n”Γλn” + ∑iΓλγi = Γλ – (Γλn + Γλn’), where Γλ is the total width, Γλn is the elastic scattering width, Γλn’ is the inelastic scattering width to the definite state, Γλn” is an inelastic scattering width to an eliminated state, and Γλγi is a partial radiation width to an eliminated state.  The neutron wave number associated with the incident channel is kn, and the spin weighting factor is unity for s‐wave scattering from an even‐even nucleus. In the expression for σnn’, interference terms of the form   ∑λ [(+/–)Γλn1/2 Γλn’ 1/2 (Eλ – E)]/[(Eλ – E)2 + (Γλe/2)2] and   ∑λ [(+/–)Γλn1/2 Γλn’ 1/2 (Γλe/2)]/(Eλ – E)2 + (Γλe/2)2]  are sensitive to the effects of the (random) phases associated with the primary elastic and inelastic scattering amplitudes.   The cross section σnn’ is calculated for up to 1000 interfering states at up to 10000 energies.  The spacing between pairs of adjacent states is chosen randomly from a Wigner distribution, and the reduced width amplitudes for the n and n’ channels are chosen randomly from Porter‐Thomas distributions.  Before the publication of the work of Porter and 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Thomas, Brink (1955) had proposed that the reduced width amplitudes for a single channel process at high excitation energy should have random signs associated with a normal distribution.  In the present case, the signs of both the elastic and inelastic scattering amplitudes that appear in the expression for σnn’ are chosen randomly.  
3.  Results 
3.1.  Resolved resonance region: threshold inelastic scattering Experiments are now being proposed to measure inelastic neutron scattering cross sections to very low‐lying states, typically 10 keV above the ground state.  These studies will involve high resolution “threshold inelastic scattering”.  The forms of the interfering components of the inelastic neutron cross section given by the Thomas theory lead to sharp interference patterns in nearby resonances that have the appropriate relative widths and phases.  3.1.1.  Interference patterns in the region of resolved resonances The calculated inelastic neutron scattering cross section to a low‐lying state at 10 keV is shown in Figure 1.  The parameters are i) average spacing <D> = 100 eV, and ii) <Γ>/<D> = 0.2.  The spacings are chosen randomly from a Wigner distribution, and the elastic and inelastic neutron widths are chosen randomly from Porter‐Thomas distributions.  The widths of the eliminated channels, Γe = 0.1 eV, are constant.   An inspection of the resonant line shapes shows that, in favorable cases, sharp interference effects are found to occur. 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Figure 1.  The calculated inelastic neutron scattering cross section to a state at 10 keV.  The pairs of resonances at 15760 and 15900 eV, and 16425 and 16490 eV, exhibit strong interference effects that depend on the relative widths and the phases associated with the (random) interfering amplitudes of the elastic and inelastic channels.  To observe these characteristic interference forms it is necessary to achieve high resolution.  The assignment of the (correct) phases to the reduced width amplitudes for the elastic and inelastic channels will need to be done in an iterative fitting process.   
3.2.   Onset of fluctuations The inelastic neutron scattering cross section to a state at 1 MeV is calculated for two values of the strength function, <Γ>/<D> = 3, and 10; the results are shown in Figure 2. 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Figure 2.  The calculated inelastic neutron scattering cross section to a state at 1 MeV for two values of the strength function: <Γ>/<D> = 3 and 10.  The fine‐structure resonance energies are the same in the two cases. 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The parameters are i) an average spacing, <D> = 5 keV, for the underlying fine‐structure resonances.  The spacings are chosen randomly from the same Wigner distribution, using the same set of random numbers, ii) neutron widths for elastic and inelastic scattering chosen randomly from Porter–Thomas distributions.  For both values of the strength function, a constant, average value for the sum of the eliminated widths is assumed. The onset of fluctuations is clearly seen; they continue to develop until <Γ>/<D> ≈ 10. 
3.3.  Random phase effects The calculated inelastic neutron scattering cross sections to a state at 1 MeV, for two sets of random phases of the interfering amplitudes, in the energy range 5.0 – 6.0 MeV, are shown in Figure 3a. 
  Figure 3a.  Calculated inelastic neutron scattering cross section to an excited state at 1 MeV for two different sets of random phases.  All other parameters are unchanged. 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The common value of the strength function is <Γ>/<D> = 10.  These results illustrate the strong dependence of the fluctuating cross section on 
the choice of phases for the amplitudes of the two channels, n and n’.  The “phase fluctuations” are not correlated with the structure of the original, discrete resonances.  The unknown phases contribute to the systematic error in any measurement of the spacing distribution of fluctuations made over a limited energy range.  The average spacing of the well‐defined fluctuations for set 1 is about 90 keV.  This value is consistent with that predicted in the theory of Brink and Stephen (Brink and Stephen, 1962), namely <D>fluct = 2<Γ> ≈ 100keV (<D> = 5 keV and <Γ>/<D> = 10).   To illustrate the importance of the minima in the pattern of fluctuations it is necessary to plot the cross sections on a logarithmic scale, as shown in Figure 3b. 
  Figure 3b.  A log‐linear plot of the inelastic neutron scattering to a state at 1 MeV for set 1 of the random phases shown in Figure 3a. 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It is seen that fluctuations are characterized not only by well­defined 
maxima but also by sharp minima.  The need for both excellent energy resolution and signal‐to‐noise ratio is clear from the nature of the calculated sharp variations.  
3.3  Statistical distribution effects It has been known since the 1950’s that, in any limited energy region, resolved resonances with neutron widths two‐to‐three times larger than the average value have a major influence on the locally measured strength function.  It is therefore important to study the influence on the pattern of fluctuations in the continuum of those underlying resonances with the largest neutron widths.  Moldauer (1964a) discussed the effects of varying strength functions on fluctuations; he treated the problem from the point of view of the average properties of the Porter‐Thomas distribution function.  Here, the problem is addressed by studying changes in the neutron widths of individual resonances. 3.3.1.  Variations in the Porter‐Thomas distribution of neutron widths   The calculated inelastic neutron scattering cross section to a state at 1 MeV, for standard and modified Porter‐Thomas distributions of the inelastic neutron widths, are shown in Figure 4.  The incident neutron energy range is 5 – 6 MeV, and the strength function is <Γ>/<D> ≈ 10. 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Figure 4.  The calculated cross section for inelastic scattering to a state at 1 MeV for i) standard Porter‐Thomas distributions for the elastic and inelastic neutron widths and ii) a modified Porter‐Thomas distribution for the inelastic widths.  In case ii), the inelastic neutron widths of seven of the strongest resonances are reduced to the average value.  In the modified form, seven of the two hundred resonances at energies between 5 and 6 MeV with inelastic neutron widths more than twice the average, have their inelastic neutron widths reduced to the average value.  This procedure results in a lowering of the strength function by about 4%.  The variation in the small number of large widths has a measurable effect on the fluctuation pattern, most noticeably at energies in the ranges 5 – 5.2, 5.4 – 5.5, and 5.6 – 5.7 MeV.  Such variations in the Porter‐Thomas distributions of neutron widths are always present in limited energy ranges, and therefore they contribute 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to the error assigned in any fluctuation analysis.   This conclusion, based on a microscopic study of fluctuations is in agreement with the original Moldauer (1963) theory, based on average properties of the distribution 
4. Conclusions A microscopic study of the energy dependence of the inelastic neutron scattering cross section to a definite state has been made using Thomas’ R‐function theory.  The cross sections are studied in the resonance region, and in the continuum.  In the resonance region, strong interference effects occur in adjacent pairs of resonances that possess favorable widths and phases associated with the amplitudes for elastic and inelastic scattering.  Just above the threshold for inelastic scattering to the first excited state, the eliminated width is the total radiation width.  In the continuum, the inelastic neutron scattering cross section to an excited state is shown to depend strongly on random variations in both the phases of the interfering amplitudes and the number of neutron widths that exceed the local average by about a factor of two.  These variations are unknowable, and therefore they contribute to the overall uncertainty in any result obtained on the density and magnitude of fluctuations studied in a given range of energy.  Furthermore, sharp minima are found to be as characteristic of fluctuation phenomena as the traditional maxima.  The method used in the present study is not limited to the field of nuclear reactions; it is applicable in any many‐body, many‐channel system where inelastic scattering takes place. 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